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ABSTRACT
DISTRIBUTION OF MYSIS DILUVIANA IN NEARSHORE LAKE ONTARIO
By
Sean J. Maxwell
University of New Hampshire, December, 2012
Opossum shrimp Mysis diluviana are an important trophic link in Lake Ontario,
and in all of the lakes where they occur. Their temporal and spatial distributions are not
well documented in the nearshore area (<30 m bottom depth), where alewives and other
fish increasingly depend on them as a food source. This study describes their
distributions over three years (2009 to 2011) from April through November using data
collected from Tucker trawls and multi-frequency hydroacoustics; both deployed over
incremental depths. Mysis was found to occur in the nearshore area in 69.6% of the trawl
surveys. Maximum densities occurred in April and early May and were located in the
deepest (30-m) contour. The density and frequency of occurrence of Mysis increased
exponentially from shore. Hydroacoustic methods were effective in quantifying of Mysis
density in 42% of the echograms when they were present in simultaneously obtained
samples.

INTRODUCTION
The opossum shrimp Mysis diluviana (formerly Mysis relicta, hereafter Mysis) is
an important prey species for many benthic and pelagic fish in the Great Lakes (Brandt
1986; Crowder and Crawford 1984; Halfon and Schito 1993; Kitchell et al. 2000; Kraft
and Kitchell 1986). Mysis are opportunistic omnivores that feed on phytoplankton,
zooplankton, and detritus in both the benthic and pelagic regions of lakes. Their diel
vertical migration (Grossnickle 1982), facilitates energy and nutrient exchanges between
the benthic and pelagic zones. Mysis populations have been shown to have significant
impacts on food webs both as a native species (Gal et al. 2006; Kitchell et al. 2000) and
as an introduced species (Chess and Stanford 1999; Chess and Stanford 2002). In order
to quantify these impacts over the entire lake, their nearshore distribution must be known.
When the thermocline is weak or absent, Mysis are more likely to be distributed
throughout the water column during the night (Gal et al. 2004). Horizontal migrations
have been observed in Mysis, these migrations are performed seasonally, rather than on a
diurnal basis. In Lake Tahoe, Utah, Morgan and Threlkeld (1982) observed juveniles
migrating to nearshore areas (15-20 m depth) after hatching in early spring, then
returning to deeper waters in the summer. Juvenile and immature Mysis are generally
found higher in the water column than adults and can tolerate higher temperature and
light levels (Bowers 1988; Grossnickle and Morgan 1979; Teraguchi 1969). This
behavior could be an adaptation attributed to conspecific predation avoidance from the
adults residing in deeper water, feeding on small phytoplankton higher in the water

column, and/or residing in warmer water in order to promote growth. Beeton (1959) and
Boscarino et al. (2010a) observed that juveniles are less sensitive to light than adults,
which might explain their ability to vertically separate from adults in the deeper offshore
area.
As light intensity increases there is greater predation risk from visual predators,
like alewives. However, small and less conspicuous Mysis are more difficult for fish to
detect, and they may migrate higher in the water column to obtain high quality food while
avoiding predation from adult Mysis (Boscarino et al. 2009b; Rajasilta and Vuorinen
1983). In addition to the differing ontogenetic effects of light and temperature, the
vertical separation may also be attributable to the avoidance of chemical cues from
cannibalistic adult Mysis (Quirt and Lasenby 2002). In pelagic areas, Mysis take refuge
in deeper waters during the day to avoid light and predation. Likewise, in the nearshore
area, their benthic distribution during the day could be explained by refuges, except in
macrophyte beds and/or association to interstitial spaces in benthic substrate.
Shifts in the Great Lakes food web over the last 20 years have increased the
importance of monitoring the distribution of Mysis in the nearshore area. Due to the
dreissenid mussel invasion, and subsequent Diporeia population collapse, alewives Alosa
pseudoharengus, juvenile lake trout Salvelinus namaycush, and rainbow smelt Osmerus
mordax have shifted their ranges deeper. This has increased predation pressure on Mysis
in their deep water habitat (O'Gorman et al. 2000), and may be displacing Mysis up into
the nearshore area as they avoid predators. Furthermore, due to the increase of water
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clarity as a consequence of the dreissenid invasion, alewives can more easily prey on
Mysis in the nearshore area (Boscarino et al. 2010b).
The increase of predation pressure makes monitoring of Mysis populations
imperative to ecological management in the Great Lakes. Mysis are sensitive to high
mortality rates as their reproductive rates are relatively low. Their generation time is two
years in Lake Ontario and they usually spawn once, creating only 10 to 50 offspring
(Johannsson et al. 2003). Mysis increasingly support populations of: alewives (O'Gorman
et al. 2000; Stewart et al. 2009), lake trout (O'Gorman et al. 2000), lake whitefish
Coregonus clupeaformis (Owens and Dittman 2003), rainbow smelt (Foltz and Norden
1977; O'Gorman et al. 2000), and the invasive round goby Neogobius melanostomus
(Walsh et al. 2008). Recent evidence from southern Lake Ontario suggests that the
invasive cladocerans, Bythothrephes longimanus and Cercopagis pengoi, may be helping
to fill the trophic bottleneck, that would otherwise place additional pressure on the Mysis
population by acting as a food source for alewife and smelt (Stewart et al. 2010; Walsh et
al. 2008). However, because these zooplankton taxa utilize similar food sources
(Johannsson et al. 2011), there may be increased competition for food with Mysis.
Mysis abundance is reported to increase with depth (Johannsson 1995; Rudstam et
al. 2008b), and much is known about Mysis distributions offshore. Mysis distribution and
abundance in nearshore areas are not as well known, and thus it is difficult to accurately
incorporate them into bioenergetic models and energy budgets. Consequently, a detailed
knowledge of nearshore Mysis distribution is important for understanding the energy
flows between trophic levels in pelagic and nearshore ecosystems.

This study is based on a dataset of unprecedented sample size and temporal scope
for the nearshore area. The primary objective of the study is to describe the distribution
of Mysis in a nearshore area, using both net samples and hydroacoustics. There are two
secondary objectives within that goal. The first is to test the hypothesis that Mysis
density increases with depth in the nearshore area. The second is to explore the
application of hydroacoustics to quantify density of Mysis in the nearshore area.
The raw data for this study was part of a relicensing process for James A.
Fitzpatrick Nuclear Power Plant (Entergy Nuclear, LLC) in Lycoming, NY, and the
sampling was performed by Normandeau Associates, Inc. off the nearby shore of Lake
Ontario.
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CHAPTER I

NEARSHORE DISTRIBUTION OF MYSIS DILUVIANA IN LAKE ONTARIO: THE
RELATIONSHIP BETWEEN DEPTH AND ABUNDANCE

Introduction
The opossum shrimp Mysis diluviana (formerly Mysis relicta, hereafter Mysis),
are in a key position of the Great Lakes food web as prey for fish, predators of plankton,
and competitors with planktivorous fish. They are an important prey item for many
benthic and pelagic species of fish in the Great Lakes (Brandt 1986; Crowder and
Crawford 1984; Halfon and Schito 1993; Kitchell et al. 2000; Kraft and Kitchell 1986).
Mysis are opportunistic omnivores that feed and are preyed upon in both the benthic and
pelagic regions of deep lakes (Grossnickle 1982), making the species important to energy
and nutrient exchanges between these two sub-systems. Mysis populations have been
shown to have significant impacts on food webs, both as a native (Gal et al. 2006;
Kitchell et al. 2000) and an introduced species (Chess and Stanford 1999; Chess and
Stanford 2002). Their abundance is under escalating scrutiny as they are increasingly
supporting fish populations of the Great Lakes (Foltz and Norden 1977; O'Gorman et al.
2000; Owens and Dittman 2003; Walsh et al. 2008).
Mysis have been previously reported to primarily occur in deep waters (>100 m)
(Johannsson 1995) and prefer cold water (<15 °C) (Boscarino et al. 2010a). They reside

at the bottom or in deeper waters during the day, then a portion of the population rises
higher in the water column at night as part of a diel vertical migration (Beeton and
Bowers 1982). Their movements, however, are limited by light and temperature, and
their distribution is less well known for much of the year when the thermocline is not
present and light levels are low (usually Late November through May).
Mysis distribution in the nearshore area has received little attention from
biologists. It has been reported, for example, that no Mysis occur in waters shallower
than 20 m in Lake Ontario (Johannsson 1995). In a lake-wide hydroacoustic survey for
Mysis, Rudstam et al. (2008a) did not survey any area of the lake that was less than 30 m,
and they further assumed there were no Mysis in this area in their population estimates.
Their abundance is described as increasing with depth in studies that have observed their
lakewide distributions (Johannsson 1995; Rudstam et al. 2008b). Information on their
distributions in shallow waters would contribute to our understanding of nearshore Mysis
contribution to lake wide energy budgets and food webs and would provide input for
ecological models. The objectives of this study are to: 1) test the hypothesis that Mysis
density in the nearshore area increases with depth; and 2) to update the current
knowledge of Mysis distributions in nearshore areas. This study describes the nearshore
(<30 m bottom depth) distribution of Mysis, based on collections made using Tucker
trawls in incremental depths throughout the sampling season.

6

Methods

Field Sampling
The Mysis sampling effort was part of a biological assessment for permit
compliance for James A. FitzPatrick Nuclear Power Plant conducted by Normandeau
Associates, Inc. The nearshore waters were sampled at six bottom depths at station
locations defined by the 3, 6, 12, 18, 24, and 30-m depth contours (Figure 1-1). Bottom
depth varied by ± 1 m. Daytime and nighttime samples were planned on alternating
weeks from April through November, with the exception of weekly survey plans from
mid-May through mid-August. The resulting effort (Appendix Tables 1 to 3) differed
from that planned due to weather. Daytime was defined as occurring between one hour
after sunrise and one hour before sunset. Nighttime was defined as occurring between
one hour after sunset and one hour before sunrise.

m
6-m

0

250 500 7501.000
M eters

Figure 1-1. Location of the study area within Lake Ontario (inset), and the locations
along the contours sampled by Tucker trawl.
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Mysis were sampled with a Tucker trawl at discrete depths within each contour
(Table 1-1). Surface tows were taken at all of the specified contours. Surface and 3.0 m
depth layer tows were taken at the 6-m contour. In all other contours, samples were taken
at 6.1 m intervals in depth, from the surface to the bottom, as permitted by the total depth
at each contour. Sampling proceeded from the surface to the near-bottom depth layer to
insure that the sampling area was not disturbed by the previous tow. During each survey,
two additional tows were made at a randomly selected sampling location to provide three
replicates to assess sampling variability. The sampling effort for all three years and both
daytime and nighttime was 2,678 samples. The number of night samples was 1310.
Table 1-1. Number of night Tucker trawl tows at each Mysis sampling location, along
with the total for each contour.
Depth Layer
(top bar of Tucker Trawl
at depth)
Surface
3.0 m

3-m
contour
77

6-m
contour
74
80

6.1 m

12-m
contour
75

18-m
contour
84

24-m
contour
79

30-m
contour
77

81

77

79

79

76

79

75

76

71

12.2 m
18.3 m

71

24.4 m
Number of Samples per Contour=

77

154

237

156

313

373

1310

Total=

Each sample was obtained by towing a Tucker trawl, with an opening area of 1
m2, for five minutes, at an approximate speed of 1 m/s. Sample tows started near the 3, 6,
12, 18, or 30-m stations (Figure 1-1) and proceeded along the respective contour line.
8

The Tucker trawl had an 8:1 length to mouth ratio with 0.5-mm mesh Nitex netting. A
messenger was used to trigger a double-trip release mechanism that released a weighted
lead bar to close the mouth of the net and insure that each sample was collected in each of
the discrete depth layers. The closing mechanism was not used when the Tucker trawl
was towed at the surface. A flume-calibrated digital flowmeter was placed slightly offcenter in the mouth of the Tucker trawl to measure the volume of water that passed
through the net in each tow. Sample volumes averaged approximately 280 m3 per sample
(±20%). Tow depth was determined in the field using a cosine function relating wire
length and wire angle to sampling depth, and verified using a wireless trawl depth sensor.
Samples were preserved at the time of collection in 10% buffered formalin. Rose Bengal
was added as needed to facilitate separation in the laboratory. Each sample jar was
labeled with a unique inventory number along with the date, time, and depth of
collection.

Laboratory Sorting
Mysis were removed from the total material collected in each discrete sample,
identified to species, and enumerated by life stage. Samples with extremely high
numbers of ichthyoplankton, Mysis or Chaoborus sp., were subsampled in the laboratory
with Motoda plankton splitters. If splitting a sample was appropriate, a minimum of 100
Mysis were sorted and identified from the subsample. Chaoborus sp. was sorted from the
entire sample. A reference collection was made for the species and life stages collected.
Wet weight of Mysis was measured for those organisms removed from the entire sample
or from the portion of a split sample where quota was met.

Data Analysis
The primary objective of the analysis was to describe the distribution of Mysis in
the nearshore area as it varies with depth. Handwritten data sheets from the field and
laboratory were double keypunched and audited through systematic and random checks
of the data. Each sample was assumed to have 100% efficiency in Mysis capture within
the sampled water volume, and assumed no net avoidance. Data analyses were
performed using SAS 9.2 (Copyright © 2012 SAS Institute Inc., Cary, NC), Microsoft
Excel 2007 (Microsoft Corporation, Redmond, Washington), MATLAB 7.14 (2012a, The
MathWorks Inc., Natick, Ma) and R statistical software (Version 2.15.1, R Foundation
for Statistical Computing, Vienna, Austria).
Significance was calculated using a log(x+l) transformation followed by a splitplot repeated measures ANOVA which allows for analysis of variance with fixed
observation locations (Maceina et al. 1994). Non-normality is not considered a serious
violation of the assumptions of ANOVA because the means more closely resemble the
normal distribution than the actual data (Sokal and Rohlf 1981). Tukey’s test (HSD) and
a Student’s t-test were used to test for significant difference after the ANOVA.
Areal densities (N/m 2) were calculated based on volumetric densities (N/m3)
collected at discrete depths (sampling locations) within the water column at each contour
(Table 1-1). The water column depth was distributed among sampling locations within
each contour based on the location’s depth in the water column. Each sampling location
was assigned half the distance to the sampling locations above and below it, to obtain the
proportion of the water column (Pwc) represented by each sampling location. The
10

densities (p) at each sampling location were multiplied by the Pwc that was represented by
that sampling location. The weighted densities were summed, and then were multiplied
by the total depth (d ) at each contour (Eq. 1).
Areal Density ( N / m 2) = £ (p ! • Pwcl + p 2 • Pwc2 + •••..) • d

(Eq. 1)

Coefficients of variation (CVmean) were calculated at each contour to show variability of
each survey from the mean densities at each contour by dividing the standard error of
densities at each contour by the mean. Any replicate samples obtained within each
survey were pooled.

Results
Table 1-2. Areal density (Mm2) and volumetric density (M m3) of Mysis diluviana in the
nearshore area of Lake Ontario near Lycoming, NY. Data is from nighttime Tucker trawl
tows during the sampling seasons of 2009-2011. CVmean does not include uncertainty
from the net sampling technique.

3-m
Mean Mysis /m3 0.0002
57%
CVmean(SE/mean)
Max Mysis /m3 0.0039

6-m
0.0002
42%
0.0105

Depth Contour
12-m
18-m
24-m
0.0008 0.0159
0.0830
32%
40%
39%
0.0457 0.8552
4.9912

30-m
0.1484
25%
8.3509

Overall
0.0662
19%
8.3509

138

138

207

276

345

1173

Mean Mysis /m2 0.0005
57%
CVmea„(SE/mean)

0.0016
46%

0.0108
54%

0.3334
58%

2.1152
58%

4.8179
50%

1.2133
38%

Max Mysis /m2 0.0120

0.0351

0.3850

12.0541

78.7693

165.2516

165.2516

69

69

69

69

69

414

n (# of samples)

n (# of surveys)

69

69
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Previous studies on the distribution and abundance of Mysis do not report results
with consistent metrics, so results of this study are shown in a variety of metrics to
facilitate comparison with earlier studies.

0.2 -|
0.18 0.16 c

__

0.14 -

r*i

0.12

-

0.08 ■
0.06 •
0.04 -

0.02

-

a

a

a

0 -1—= —=—i—■*==>—,—=«
3

6

12

18

24

30

Bottom Depth (m)

Figure 1-2. Mean density ± SE (Mm3) of Mysis in a nearshore area of Lake Ontario
based on bottom depth. Data are from 0.5 mm mesh Tucker trawl sampling from
April through November in 2009 through 2011. Values that are not significantly
different are noted by letters as determined by Tukey’s test.

Daytime Mysis densities in the study area were low relative to nighttime densities
(Appendix Table 4). Only 14 total Mysis were obtained from 1369 daytime samples.
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The spatial distribution of Mysis density hereafter was based on the 1310 night samples
that were obtained during this study.
Nighttime Mysis densities were higher in deeper contours over all times of the
sampling year (Figure 1-5) and throughout all sampling depths within those contours
(Figure 1-6). Mysis were also more prevalent in the beginning of each study season, in
the early spring. The densities of Mysis began relatively high at the start of the sampling
seasons in the deeper contours and decreased sharply with time (Figure 1-5).

0.35 -

0 .25 -

£

0.15 -

0.05 -

09 10 11

3m

09 10 11

6m

09 10 11

12 m

09 10 11

18 m

09 10 11

24 m

09 10 11

30 m

Bottom Depth and Year

Figure 1-3. Variation of Mysis densities ±SE (M m3) among years at each contour in the
nearshore area of Lake Ontario. No significant difference within contours is noted by
assigned letters and was determined by Student’s t-test.
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Cold water intrusions occurred multiple times in the study area (Normandeau
2012). The spikes in local Mysis densities coincide with these events (Figure 1-5). Note
that the presence of Mysis does not occur with any regularity in the areas shallower than
the 18-m contour.
Mean areal and volumetric density increase from the shallow area to the deep contours
(Table 1-2). Mysis densities increase with depth (Figure 1-2, Table 1-2), and follow the
increasing trends, as observed in other studies that were based on a much larger, lakewide scale, and included deep water. Many of these results differed by years within
contours, but each year showed an increase with depth (Figure 1-3).
Table 1-3. Mean densities (M l000m 3) and percent of each life stage of Mysis diluviana
from the nearshore area near Lycoming, NY of Lake Ontario from 2009 to 2011.
Individuals were sampled with a 0.5 mm mesh Tucker trawl from April through
November. Results are shown annually and in an overall average.
2 0 0 9 (n=417)
L ife S tage

M 1000 m3

%

2010 (n=437)
M1000 m3

Juvenile

2.3 11.3

0.8

Immature female

8.6 43.0

Immature male

9.1 45.6

Mature female

%

2011 (n=455)
M 1000 m3

%

Overall (n=1309)
M l 000 m3

%

4.4

1.9

6.5

4.0 40.0

20.1 34.6

10.9

37.1

5.2 51.6

35.3 60.7

16.5

56.1

7.5

2.6

<0.1

0.0

<0.1

0.3

0.2

0.3

<0.1

0.3

Mature male

0.0

0.0

<0.1

0.2

<0.1

0.0

<0.1

0.0

Larvigerous female

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Unknown

0.0

0.0

<0.1

0.4

<0.1

0.0

<0.1

0.0

19.9

100

10.0

100

58.2

100

29.4

100

O verall M ean
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There is a high proportion of smaller Mysis in the earlier life stages in the study
area (Table 1-3). Hence the results in this study mostly represent the spatial distribution
of earlier life stages of Mysis in the nearshore area.
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69.6
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3-m
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18-m

24-m

30-m

Overall

B ottom D ep th

Figure 1-4. The occurrence (%) of Mysis diluviana in nighttime Tucker trawl surveys
from each bottom depth contour and the overall nearshore area of Lake Ontario near
Lycoming, NY.
At least one Mysis was present in any of the contours in the nearshore area in
69.6% of all surveys (Figure 1-4). Samples from the deepest contours within this study
were most likely to have Mysis, with 63.8% occurrence in the 30-m contour. If a Mysis
distribution study did not sample in depths less than 30 m, as in Rudstam et al. (2008a), it
would likely miss areas that we have shown to have as many as 8.35 Mysis/m3 (or 165.3
Mysis!m ), and contain Mysis 69.6% of the sampling season. Johannsson et al. (2003)
assumed that no Mysis were found in Lake Ontario in areas shallower that 20 m. In
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contrast, this study found densities as high as 12.05 Mysis/m2 (Table 1-2), and contained
positive samples 33.3% of the time.
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Figure 1-6. Mean volumetric density ±SE (AVI000 m3) of Mysis in each nighttime Tucker trawl sampling location within
contours of nearshore Lake Ontario.
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Discussion
This study has described the nearshore (<30 m) distribution of Mysis in detail.
The information gained here will add to the understanding of where and when Mysis can
be found in Lake Ontario, and other similar lakes. This will, in turn, further our
understanding of the ecological role of this species. The relationship between Mysis
abundance and bottom depth (Figure 1-2), can be used in models of distribution for
bioenergetics and energy budgets. It offers a method to quantify Mysis for incorporation
in other nearshore and whole lake studies, and may be a factor in modeling trophic
interactions.
The nearshore distribution of Mysis could be a key component in understanding
the trophic interactions of Mysis with alewife and rainbow smelt. Alewives primarily
prey upon Mysis in the spring and autumn in the shallower areas of the lake (Mills et al.
1992). Alewives are the most prevalent species of fish in this area (Normandeau 2012),
and they can have a significant effect on Mysis populations. Mysis are the most important
food item in the diet of adult rainbow smelt (Foltz and Norden 1977, Lantry and Stewart
1993) and are subject to predation by rainbow smelt in the nearshore area from
November to June (Lantry and Stewart 1993). Shore-bound smelt populations in the
early spring may depend on nearshore Mysis for food before and after they spawn. Mysis
densities in the nearshore area during early spring may attract alewife and smelt,
therefore affecting the predator’s distribution. Consequently, larger predators may also
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follow in order to prey upon the alewife and rainbow smelt and the effects of this
dependence could then be noticed up the food chain.
This study has observed that Mysis occur in the nearshore area primarily during
the early spring and also as environmental conditions allow. Studies of the
environmental drivers of Mysis distribution have shown that it is largely influenced by
light, temperature, and predation avoidance (Beeton and Bowers 1982; Boscarino et al.
2009b; Boscarino et al. 2007; Boscarino et al. 2010a; Johnson and Martinez 2012).
During 2011, the study area experienced lower water temperatures in the spring
(Normandeau 2012), which may partially explain the higher populations observed at that
time (Figure 1-5). Cold water intrusions were associated with seasonally higher densities
of Mysis. The Mysis associated with these events were either transported along with the
cold water, or Mysis were able to go into the area because the upper temperature barrier
was not present.
Contrary to publications that assume there are no Mysis shallower than a certain
depth, the shallower contours sampled in this study did contain Mysis. However, the time
of year at which sampling occurred in other studies may have been a factor worth
considering. The maximums presented in Table 1-2 are all from early spring, when the
thermocline had not yet been established and the water temperatures were within the
Mysis tolerance range at all depths. During the time of year when the Rudstam study
occurred (early July), the samples in our study were absent of, or had low numbers of
Mysis (Figure 1-5). The Johannsson (2003) findings compared in much the same way,
where sampling occurred in late May, late July-early August, and late October-early
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November. Using the 18-m contour as a proxy for depths less than 20 m; Mysis were
found there during all three years of this study in late May, no years had Mysis present in
late July-early August, and only two years had presence in late October-early November
(Figure 1-5).
Sampling was not performed from early December to late March in any of the
three years of the study. If sampling was to occur at that time, then the nearshore
distribution of Mysis would be better documented. The high densities in samples from
early April, and the low temperatures associated with this distribution, suggest that the
distribution in the winter would be comparable or even greater than these early spring
maximums. Additional studies of Mysis during the colder months, however logistically
difficult, would improve our understanding of the distribution of Mysis in the nearshore
area. Caution should be used when comparing this nearshore distribution to other
nearshore areas. Other studies have shown much variation between nearshore stations
(Johannsson 1995; Morgan and Threlkeld 1982). The CV’s of this study (Table 1-2) are
representative of the large inter- and intra-annual fluctuations in the abundance, which
are typical for lakewide populations of Mysis (Johannsson et al. 2003).
While the densities in the nearshore area should be considered, the mean density
of Mysis is low relative to mid-lake densities. For example, the average density was 354
Mysis/m2 at a 130-m deep sampling station from 1984 to 1995 (Johannsson et al. 2003).
That figure is two orders of magnitude higher than our mean density of 1.2 Mysislm2 and
higher than the maximum density observed in any nearshore contour during 2009-2011
(165.3 Mysis/m2) (Table 1-2).
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The majority of Mysis captured in the nearshore area were earlier life stages. This
agrees with observations of Mysis and other zooplankton natural history, as it has been
observed that younger and smaller individuals can be found higher in the water column
(Bowers 1988; Grossnickle and Morgan 1979; Teraguchi 1969). Abundance of Mysis in
the nearshore area, when the water column is not stratified, may be an indicator for the
abundance of future generations.
There are no standardized methods for mysid sampling, therefore nearly all
reported mysid abundances have been based on different gears, and sampling efficiency
metrics are generally lacking. Vertical tows are often the preferred method in mysid
studies and have been shown to decrease net avoidance (Nero and Davies 1982).
However, no studies have been performed that compare horizontal trawls to vertical
trawls for the purposes of catching Mysis. The use of horizontal tows in this study
allowed for the stratification of results (Figure 1-6). Collection efficiency for this study
is assumed to be 100 percent. It should be noted, however, that gear avoidance is an
issue, as Mysis have been known to swim away from stimulus associated with net
sampling. Studies have not been published on M ysis’ avoidance of horizontal trawls.
Sampling efficiency may also be affected by size of the net opening, mesh size, light
intensity, population density, towing speed, tow cable angle, and stimuli produced by the
towing cable moving through the water (Chipps and Bennett 1996; Omori and Ikeda
1984). Net catches may not fully represent certain size classes because of potential
ontogenetic differences in net avoidance.
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Light levels were not recorded in this study. Light is a factor in describing Mysis
distribution, as subtle differences in light levels due to on-board lighting from the survey
vessel, lunar phase, and weather could affect their vertical and horizontal location
(Boscarino et al. 2009a; Boscarino et al. 2009b). Although deck lights were off during
the trawl effort, this study may have been more concise in describing their distribution if
light had been accounted for.
The lake floor was not sampled, and in many cases the deepest sample was as
much as 6 m from the bottom. This excluded the Mysis that were on and near the bottom
from sampling. Studies suggest that Mysis spend the day on the bottom, but some of the
population vertically migrates at night (Beeton and Bowers 1982; Grossnickle and
Morgan 1979; Shea and Makarewicz 1989). The low catches during the day are likely
due to some combination of their light avoidance response, their tendency to avoid towed
gear during daylight hours, and their tendency to undergo diel vertical migration. This
study represents the portion of the nearshore population that vertically migrates at night.
We do not know what proportion of the nearshore population remains at the bottom at
night, but it is likely that there may be more Mysis near and on the bottom that are not
accounted for. It may be possible that some Mysis are occupying the ecological niche left
by the extirpated Diporeia, and are utilizing the benthic food sources that would
otherwise be consumed by them.
Further studies are needed to monitor the Mysis population in a constantly
changing ecosystem. As the impacts of invasive species grow; M ysis’ predator, prey, and
competitor populations change rapidly in response to these changes. Direct
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measurements of these changes are needed in order to make informed management
decisions based on the updated status of the ecosystem. Examples of future studies may
include: the condition of nearshore Mysis in Lake Ontario compared to similar shallow or
offshore populations, the use of vertical net tows to sample Mysis in the nearshore, the
distribution of Mysis during the entire season when the water column is isothermic
(November-May), and benthic distributions of nearshore Mysis.
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CHAPTER E

QUANTIFICATION OF MYSIS DILUVIANA WITH
HYDROACOUSTICS IN NEARSHORE LAKE ONTARIO

Introduction
The opossum shrimp Mysis diluviana (formerly Mysis relicta, hereafter Mysis),
are an important prey item for many benthic and pelagic species of fish in the Great
Lakes (Brandt 1986; Crowder and Crawford 1984; Halfon and Schito 1993; Kitchell et al.
2000; Kraft and Kitchell 1986). Mysis are opportunistic omnivores that feed on
phytoplankton and zooplankton in both the benthic and pelagic regions of deep lakes
(Grossniekle 1982), making the species important to energy and nutrient exchanges
between these two zones. Mysis populations have been shown to have significant
impacts on food webs both as a native (Gal et al. 2006; Kitchell et al. 2000) and as an
introduced species (Chess and Stanford 1999; Chess and Stanford 2002). Their
abundance is under escalating scrutiny as they are increasingly supporting fish
populations of the Great Lakes (Foltz and Norden 1977; O'Gorman et al. 2000; Owens
and Dittman 2003; Walsh et al. 2008).
In Lake Ontario, Mysis primarily occur in deep waters (>100 m) (Johannsson et
al. 2003; Johannsson 1995) and prefer cold water (<15 °C). They are found in the
nearshore area (<30 m) in early spring and when cold water intrusions occur (Chapter 1).
25

They reside at the bottom or in deeper waters during the day, then a portion of the
population rises higher in the water column at night as part of a diel vertical migration
(Beeton and Bowers 1982). The temporal and spatial distribution of Mysis populations
through all times of the year remains unknown. They are limited by light and
temperature, therefore their distribution is less known for more than five months of the
year (usually late November through April) when the thermocline is not present and light
levels are low.
Mysis distributions in nearshore areas have not received much study, knowledge
of their distribution may be increased through the use of hydroacoustics. Hydroacoustic
surveys are potentially an efficient alternative to net sampling for the purpose of
observing and quantifying Mysis distribution in the nearshore area. Sonar technology has
traditionally been used for the study of fish populations, since it covers large areas
effectively and is a noninvasive method, minimizing bias common to different types of
towed gear. Most fish have swim bladders and are efficient reflectors of sound which
makes them easily detected by hydroacoustics. Recent advances in hardware
development and post-processing software have made it possible to coarsely distinguish
other groups of organisms from fish echoes. The use of multiple frequencies enables
echoes from different organisms such as zooplankton, Mysis, and fish to be separated and
identified by their frequency-dependent scattering characteristics. This study was
conducted in nearshore waters (< 30 m depth) of Lake Ontario, which hosts a
composition of functional groups, including plankton, mysids, pelagic fish, and members
of the nearshore fish community.
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Hydroacoustics can be an efficient way of surveying a population of Mysis once
they are distinguished from other organisms, however, certain limitations must be
considered for this method to be effective in the nearshore area. The details of these
limitations are discussed below. The primary objective of this study was to evaluate the
effectiveness of using hydroacoustics to survey Mysis abundance in a nearshore area.
This was achieved using simultaneous trawl sampling and hydroacoustics.

Methods

Trawl Sampling
The Mysis sampling effort was part of a biological assessment for permit
compliance for James A. FitzPatrick Nuclear Power Plant conducted by Normandeau
Associates, Inc. The nearshore waters of Lake Ontario were sampled at six bottom
depths at station locations defined by the 3, 6, 12, 18, 24, and 30-m depth contours
(Figure 2-1). Bottom depth varied by ± 1 m. A summary of tows completed from 2009
to 2011 is presented in Table 1. Daytime and nighttime samples were planned on
alternating weeks from April through November, with the exception of weekly survey
plans from mid-May through mid-August. The resulting effort (Appendix Tables 1 to 3)
differed from that planned due to weather. Daytime was defined as occurring between
one hour after sunrise and one hour before sunset. Nighttime was defined as occurring
between one hour after sunset and one hour before sunrise. Only nighttime tows with
simultaneous hydroacoustics (n= 649) were included in this analysis because Mysis are
predominantly found on the lake bottom during the day (Beeton and Bowers 1982).
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Figure 2-1. Location of the study area within Lake Ontario (inset), and the locations
along the contours sampled by Tucker trawl and hydroacoustics (70 and 200-kHz).
Mysis were sampled with a Tucker trawl at discrete depths within each contour
(Table 2-1). Surface tows were taken at all of the specified contours. Surface and 3.0 m
depth layer tows were taken at the 6-m contour. In all other contours, tows were taken at
6.1m intervals in depth, from the surface to the bottom, as permitted by the total depth at
each contour. Trawling proceeded from the near-surface to the near-bottom depth layer
to ensure that the sampling in a layer was not disturbed by the previous tow.
'y

The Tucker trawl, had an opening area of 1 m , and sampled for five minutes, at
an approximate speed of 1 m/s. Sample tows started near the 3, 6, 12, 18, or 30-m
stations (Figure 1-1) and proceeded along the respective contour line. The Tucker trawl
had an 8:1 length to mouth ratio with 0.5-mm mesh Nitex netting. A messenger was used
to trigger a double-trip release mechanism that released a weighted lead bar to close the
mouth of the net and insure that each sample was collected in each of the discrete depth
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layers. The closing mechanism was not used when the Tucker trawl was deployed for
surface tows.
Table 2-1. Total number of nighttime horizontal tows performed with associated 70 and
200-kHz hydroacoustics. Mysis were sampled at depths throughout each contour by lx l
m Tucker trawl. Number of tows performed at each sampling location from 2009
through 2011 is shown along with the total for each contour.
Depth Layer
(top bar of Tucker Trawl
at depth)

3-m
contour

6-m
contour

12-m
contour

18-m
contour

24-m
contour

30-m
contour

37

38

38

40

38

38

43

39

34

38

40

42

36

40

36

Surface
3.0 m
6.1 m

37

12.2 m
18.3 m
24.4 m

35

Number of Tows per Contour=
Total=

37

75

81

119

154

183

649

Sample tows began near the 3, 6, 12, 18, or 30-m stations (Figure 2-1) and
proceeded along the respective contour line. A flume-calibrated digital flowmeter was
placed slightly off-center in the mouth of the Tucker trawl to measure the volume of
water that passed through the net in each tow. Sample volumes averaged approximately
280 m3 per sample (±20%). Tow depth was determined in the field using a cosine
function relating wire length and wire angle to sampling depth, and verified using a
wireless trawl depth sensor. Samples were preserved at the time of collection in 10%
buffered formalin. Rose Bengal was added as needed to facilitate separation in the
laboratory. Each sample jar was labeled with a unique inventory number along with the
date, time, and depth of collection.

Laboratory Sorting
Mysids were removed from the total material collected in each discrete sample,
identified to species, and enumerated by life stage. Mysis were differentiated from
bloody-red mysid shrimp Hemimysis anomala by their telson morphology. Samples with
extremely high numbers of ichthyoplankton, Mysis or Chaoborus sp. were subsampled in
the laboratory with Motoda plankton splitters according to established and statistically
reliable protocols. If splitting a sample was appropriate, a minimum of 100 Mysis were
sorted and identified from the subsample. Chaoborus sp. was sorted from the entire
sample. Wet weight of Mysis was measured for those organisms removed from the entire
sample or from the portion of a split sample where quota was met. Ichthyoplankton and
Chaoborus sp. were enumerated and identified in order to account for their potential
effect on hydroacoustic analysis results.

Hydroacoustic sampling
A Simrad EK60 echosounder with 70-kHz (ES70-7C) and 200-kHz (ES200-7C)
7° split-beam transducers were used for each concurrent trawl and hydroacoustic survey.
Transducers were mounted downward facing with the face flush on the end of a
retractable aluminum housing and pole from the port side of the 7.6-m (25 ft) vessel. All
electronics were powered by a gasoline Honda 3000W generator through a surgeprotected uninterruptable power supply. Data were recorded using the Simrad ER60
(version 2.2.0) data acquisition software operated from a laptop computer. A second
computer equipped with HYDROpro navigation software was used to provide a visual
reference of the vessel position and track. If water conditions permitted effective data
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collection, a file was recorded for each tow. Raw unthresholded data were collected at 2
pings per second with a pulse duration of 0.256 ms. Power was set to 700 W for the 70kHz transducer and 120 W for the 200-kHz transducer.
Calibration was performed each week following the standard target method
described by Foote et al. (1987) and adopted as standard practice (Simmonds and
MacLennan 2005). During calibration, a 38.1-mm diameter tungsten carbide sphere was
used as a reference target of known target strength (TS). The TS of the sphere depends
on temperature, therefore an average temperature from a vertical profile with a YSI
multi-parameter sensor was used during calibration, as well as before each survey to
derive sound speed.
For each week, daytime and nighttime raw hydroacoustic data of background
noise levels were collected from passively recording and manually recording under
increasing vessel speeds (neutral drift, 2, 3, 4, and 5 knots), each for 1 minute while
navigating a straight line in water greater than 30 m. Echogram settings were applied as
specified in the Reference Manual to the ER60 scientific echosounder software (Simrad
2008). All acoustic analysis was based on no removal of ambient noise (other than a
minimum threshold of -125 dB) because adequate signal-to-noise ratios of 10 dB or
greater were achieved at all times (Rudstam et al. 2009; Simmonds and MacLennan
2005).

Hydroacoustic Data Processing
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Appendix Tables 1 through 3 present the number of hydroacoustic files obtained
during simultaneous tows with a Tucker trawl. Data from the 70-kHz transducer was
used to detect and exclude fish echoes from analysis of Mysis backscatter. An acoustic
index of Mysis density for each location was created from echo integration of the 200kHz acoustic backscatter after excluding fish echoes. Echo integration (i.e. integrating
the acoustic energy within each depth layer sampled by the Tucker trawl) provides an
acoustic measure directly proportional to Mysis density (Gal et al. 1999).
The mean volume backscattering coefficient (Sv, dB/m) provides a measure of
acoustic energy reflected back from all individuals (ZObs, dB m2) of all targets within a
sampled volume (V o,m 3) defined by MacLennan (2002) as:

V cr
Sv =

(Eq- 1}
'y

Target strength (TS, dB re 1 m ) is defined as the decibel value of Gbs (i.e., 101ogio[Cbsj)Multiple small targets or fewer large targets could represent the same sv.
A summary and flow chart describing the data processing steps for analyzing the
hydroacoustic survey data is provided in Figure 2-2. Raw hydroacoustic data files
collected by the EK60 split-beam echosounder from each tow were imported into
Echoview software (v 4.9, Myriax Software Pty. Ltd., Hobart, Tazmania, Australia)
through an automation routine written in Visual Basic scripting language. All data were
brought into an Echoview template loaded with preferred parameterization and settings
modified from standard practices in fisheries acoustics and mysid studies (De Robertis
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and Higginbottom 2007; Rudstam et al. 2008a; Rudstam et al. 2009).

Hydroacoustic Processing Flowchart
/ 0 kHz

R aw TS

Background noise
rem oval (-125 dB)

Procedure modified fi om Rudstain et al. (2008a)

Figure 2-2. Flowchart of hydroacoustic processing procedure for classifying Mysis from
an echogram using dual frequency split-beam hydroacoustics.

Background noise levels were observed in Echoview for each survey as Sv at 1 m
from ambient noise measurements collected the week of each survey at the vessel RPM
used during the survey. All surveys had noise levels lower than -125 dB at a range of 1
m. This was used as the noise removal constant and was subtracted from all echograms.
Noise removal increase with depth was based on the time varied gain function
(Korneliussen 2000). All contributions greater than -125 dB and less than the fish
exclusion threshold were considered to be Mysis (Rudstam et al. 2008a; Rudstam et al.
2008b).

Fish Echo Exclusion
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Fish are more prevalent in the nearshore than the pelagic zone in Lake Ontario.
The removal of the backscatter associated with them is necessary because they are large
targets compared to Mysis, and would contribute a relatively large amount of
backscattered sound. Following the procedures in Rudstam et al. (2008a), contribution of
fish to the volume backscatter was removed by excluding acoustic samples from fish
echoes and immediately surrounding data (Rudstam et al 2008a). Acoustic samples
associated with fish echoes were identified in the 70-kHz uncompensated echogram as
those with a TS greater than -60 dB, which is approximately equivalent to 1.6 cm in
length (Love 1971). The uncompensated TS echogram was used because the strength
values were proportional to target size at all depths. A 7x7 dilation of samples (echogram
pixels) was applied around each fish echo. This operand expands the fish echo area by 7
times in both directions in order to exclude weaker echoes due to fish in the perimeter of
the detected fish echo. Smaller and larger dilations were found inefficient in eliminating
contribution of fish to Mysis Sv. An example of the results of fish echo exclusion can be
seen in Figure 2-3, as the blank areas towards the bottom center of the echogram. Larval
fish species that were captured in the Tucker trawl along with Mysis are listed in
Appendix Table 5.

Hydroacoustic Data Analysis
Once echograms were created for each tow with fish echoes removed, they were
manually reviewed. Non-biological acoustic backscatter (e.g., bottom, surface
interference, etc.) or all backscatter collected outside of the trawl depth zone was
excluded. An example of an echogram analyzed to calculate Sv of Mysis is shown in
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Figure 2-3. Manual exclusion of dense plankton was executed based on their acoustic
signature and patterns observed in the echogram. Once echograms were manually
reviewed, mean Sv and ancillary variables for each trawl zone were exported from
Echoview as comma-spaced delimited (*.csv) files for each transect through an
automation routine written in Visual Basic scripting language. The exported data were
imported into Microsoft Excel 2007 (Microsoft Corporation, Redmond, Washington),
where data were compiled and audited for systematic errors and outliers.
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Figure 2-3. Echogram of the volume backscattering strength (Sv) collected at 200-kHz
on 14 April 2010 in Lake Ontario, showing echoes classified as Mysis were
distributed throughout the water column. The depth zone of the Tucker trawl
(highlighted in grey) was selected for comparing densities. Background noise and
fish echoes have been removed. The display threshold is -83 dB re 1/m.
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Target strength was calculated by dividing the exported mean sv in the trawl zone
attributable to Mysis by density in the trawl sample to obtain the backscattering cross
section (oW). The overall Mysis TS for this study was calculated by finding the average
of the (7bSvalues from each trawl and echogram combination that satisfied the conditions
for Mysis detection, then converting to TS.
Handwritten data sheets from the field and laboratory were double keypunched
and audited through systematic and random checks of the data. Each sample was
assumed to have 100% efficiency in Mysis capture within the sampled water volume, and
assumed no net avoidance. Data analyses were performed using SAS 9.2 (2012, SAS
Institute Inc., Cary, NC), Microsoft Excel 2007, MATLAB 7.14 (2012a, The MathWorks
Inc., Natick, Ma) and R statistical software (Version 2.15.1, R Foundation for Statistical
Computing, Vienna, Austria).

Results and Discussion
Daytime was not a viable time to survey for Mysis in the nearshore area because
their densities were too low during this time (Appendix Table 4). In the Tucker trawl
effort, only 14 individual Mysis were obtained from 1369 daytime samples. This is most
likely due to their light avoidance response, their tendency to avoid towed gear during the
day, and their tendency to concentrate near the bottom during the day (Boscarino et al.
2009b; Boscarino et al. 2007). All results hereafter are based on the 649 nighttime
Tucker trawl samples that have simultaneous hydroacoustics associated with them.
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Processing Procedure
Much of the results in this study were in developing the procedure. In order to
determine if Mysis could be detected in the nearshore area, the processing proceeded in a
stepwise series of events. Beginning with the elimination of trawl and echogram
combinations (tows) where the samples had no Mysis catch. This eliminated 72% of the
tows in this study (183 tows remained). The majority of M ysis-positive tows occurred in
the early spring where densities of Mysis are highest in the nearshore area (Figure 1-5).
The shallow surface tows were eliminated from analysis because the depth of the sample
was within the near-field zone of the transducer (<2.6 m depth), where quantification of
Mysis was not possible. This factor eliminated 39 tows (21%), so 144 remained.
The amount of fish was determined in each processed echogram. If there were
too many fish were present, the removal of their backscatter would incidentally remove
some Mysis echoes from analyses. In order to ensure a representative sample, tows were
eliminated from analysis if greater than 25% of the trawl zone in the echogram was
excluded due to fish backscatter removal and/or dense plankton swarms. The highest
densities of Mysis occurred when there were low numbers of fish in the sampled area, so
this was not a prevalent reason to eliminate tows from analysis. The density of Mysis
was higher earlier in the season (Figure 1-5) when a relatively low number of fish were
present. Their ability to sense and avoid fish may decrease densities of Mysis in the area
(Boscarino et al. 2009b; Boscarino et al. 2007) later in the year, when fish were more
abundant. Four tows (3%) were excluded due to high fish densities observed in the
echograms. Two tows were eliminated due to a corrupt raw data file and a hardware

issue. The number of tows available was further reduced by 21 (15%) because of
biological noise in the echogram. This noise may have been due to small plankton that
were unable to be captured in the Tucker trawl. 115 tows remained for further analysis,
this was further reduced by the minimum detectable density.

Density vs. S„
When Mysis were present, the Sv of the backscatter from the trawl zone
significantly increased as the log-transformed trawl density (Figure 2-4) and biomass
(Figure 2-5) increased. This trend and coefficient of determination (R2) was consistent
Trawl Density vs. S v

y = 0.117x + 9.377
R2 = 0.583
p< 0.001
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Figure 2-4. Relationship between volume backscattering (Sv in dB) at 200-kHz and
Mysis density (Log (Mm3)) obtained in Tucker trawls where density is greater than 0.02
Mysis/m3, and fish echoes were removed.
with other studies that were based on greater Mysis densities and larger proportion of
adults (Gal et al. 1999; Rudstam et al. 2008a). Detection of a significant positive relation
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between Sv and trawl density or biomass was remarkable considering that the individuals
sampled in this study were smaller, and less densely distributed, than the other studies.
When a regression was applied to the entire dataset available for analysis
including very low densities, it resulted in an R2 of 0.287. Most echograms with very low
densities attributed a disproportionately large amount of sv to low densities of Mysis.
This is to be expected as other small scatterers in the water could confound estimates at
low densities. The R2 reached a relative maximum (R2- 0.583) at 0.02 N /m 3. Therefore
0.02 M m3 was determined to be the minimum density for inclusion of echograms for
analysis of density and biomass of Mysis. This eliminated 39 (34%) of the trawls, and
left 76 (12% of the total) available for hydroacoustic analysis. This represents 42% of the
Trawl Biomass vs. S v

o

3

y = 0.143x + 9.724
R2 = 0.519

4
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Figure 2-5. Relationship between volume backscattering (Sv in dB) at 200-kHz and
Mysis biomass (Log (g wet wt/m3)) obtained in Tucker trawls where density is greater
than 0.02 Mysis!m3, and fish echoes were removed.
tows with Mysis present in the net sample. Inversely, 58% of the positive samples with
Mysis present could not be detected in their corresponding echogram.
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The variability seen in Figures 2-4 and 2-5 may be explained by variable net
efficiency, the difference between water sampled by net and hydroacoustics, and other
scatterers in the water. Sampling efficiency has not been studied in Mysis with this
technique, but the trawl may cause variable reactions to different densities and sizes of
Mysis, therefore biasing the size distribution of the sample (Nero and Davies 1982). The
net samples an area that is a constant 1 m2 in cross sectional area, however the
hydroacoustic cross sectional sampling area varies with depth. Hydroacoustic sampling
area increases with depth as the beam widens at an angle of six degrees from the
transducer. The 6 .1 m sampling depth had a hydroacoustic sampling cross sectional area
less than 1 m2, so the corresponding Tucker trawl was sampling a larger area than the
hydroacoustics. In this situation hydroacoustics was sampling more specific areas of the
water column and may not be accounting for patchy distributions of Mysis as well as the
trawl. Conversely, the remaining valid sample depths (12.2 m, 18.3 m, and 24.4 m) had
hydroacoustic sampling cross sectional areas greater than 1 m2, so the corresponding
Tucker trawl was sampling a smaller area than the hydroacoustics. The larger sampling
area of the hydroacoustics may be more effective in observing patchy distributions.
Other scatterers in the trawl zone that are not accounted for by net samples may attribute
more backscattered sound to each Mysis captured in the net. This would bias Sv of the
trawl zone higher in some instances, and consequently also affect the TS estimate.

Tucker Trawl vs. Hydroacoustics
Hydroacoustic sampling is limited by depth as Mysis cannot be detected at near
surface depths because the transducer was mounted 1.2 meters deep and the additional
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depth is in the acoustic near-field of the transducer, where backscattered sound are not
consistent because the wave fronts are not yet parallel (Rudstam et al. 2009; Simmonds
and MacLennan 2005). Table 2-2 shows the disparity between Mysis detection with the
Table 2-2. Percent (%) of Mysis detection by hydroacoustics (H) (iV=649) and percent of
Mysis detection by nighttime Tucker trawl samples (T) (N= 1310) at each sampling station
and contour in the nearshore area of Lake Ontario near Lycoming, NY from April
through November during 2009 to 2011.

Depth Layer
Surface
3.0 ni
6.1 ni

3- m
contour
T
H
0% 3%

6 -m
contour
H
T
0%
3%
0%

12-m
contour
T
H
0% 13%

18-m
contour
T
H
0% 28%

24 -m
contour
H
T
0%
26%

30 -m
contour
H
T
24%
0%

2%

3%

28%

9%

29%

16%

34%

8%

23%

21%

31%

25%

36%

38%

48%

36%

50%

46%

66%

24%

42%

14%
12%

12.2 m
18.3 m
24.4 m
Mean per Contour =
O verall =

0%

3%

0%

8%

1%

Hydroacoustics
12%

12%

3%

26%

18%

34%

Tucker trawl
27%

Tucker trawl and with hydroacoustics at the surface. There is also an acoustic dead zone
near the bottom where Mysis and other targets cannot be differentiated from the bottom
echo (Simmonds and MacLennan 2005). The bottom dead zone was not an issue in this
study because towed areas were well off of the bottom (2 m to 5 m). This would become
important if the entire echogram was to be used to estimate Mysis density throughout the
entire water column.
The Tucker trawl captured Mysis in 27% of all Tucker trawls. Most of the
discrepancy with the hydroacoustic technique can be explained by two factors. First, the

Tucker trawl is not limited by a minimum density of Mysis. Secondly, the inability to
acoustically sample shallow areas eliminated seven sampling locations from
consideration, including the entire 3-m contour (Table 2-2).

Target Strength
Although the use of hydroacoustics may provide improvements on biomass
estimates, it relies on known TS for abundance estimation of Mysis. Since TS is
proportional to the size of objects, it is also important to understand what size classes of
Mysis are in the study area. In this study, most of the nearshore Mysis were juvenile and
immature (Table 2-3), which agrees with other studies of shallow water and nearshore
Table 2-3. Mean densities (NI 1000 m3) and percent of each life stage and discernible sex
of Mysis diluviana in the nearshore area of Lake Ontario near Lycoming, NY from 2009
to 2011. Results are shown annually and in an overall average.
2 0 0 9 (n=417)
L ife Stage

A71000m3

%

Juvenile

2.3

Immature female

8.6 43.0

Immature male

9.1 45.6

Mature female

11.3

2010 (n=437)
N /1000m 3
0.8

%
7.5

2011 (n=455)
M 1000 m3
2.6

%

Overall (n=1309)
iV/1000 m3

%

4.4

1.9

6.5

4.0 40.0

20.1 34.6

10.9

37.1

5.2 51.6

35.3 60.7

16.5

56.1

<0.1

0.0

<0.1

0.3

0.2

0.3

<0.1

0.3

Mature male

0.0

0.0

<0.1

0.2

<0.1

0.0

<0.1

0.0

Larvigerous female

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Unknown

0.0

0.0

<0.1

0.4

<0.1

0.0

<0.1

0.0

19.9

100

10.0

100

58.2

100

29.4

100

O verall M ean

areas (Bowers 1988; Grossnickle and Morgan 1979; Teraguchi 1969). Length data were
not gathered directly in this study, however Mysis in the juvenile to immature stages are
typically 4-12 mm long (Johannsson 1992; Johannsson et al. 2003; Johannsson et al.
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2008). Their small size adds another challenge to the quantification of Mysis in the
nearshore area with hydroacoustics. Smaller Mysis, as with any small target, can be
difficult to detect using hydroacoustics. Differentiating them from noise can be
problematic.
TS was calculated in each tow by comparing the integrated trawl zone from the
echogram to the numbers of Mysis in the sample. The average TS for all samples with
detectable Mysis was -77.64 dB. Other similar studies have obtained a range of values
for the TS of Mysis. Rudstam et al. (2008a) calculated a TS of -82.4 dB at 200-kHz for a
population with similarly sized Mysis. Rudstam et al. (2008b) obtained a TS of -86.3 dB
at 120 kHz, and Rudstam et al. (1992) found a TS of -82.0 dB for a similar species at
200-kHz.
There are some Mysis TS findings that were close to the present study. Gal et al.
(1999) compared a variety of methods to acquire TS. They found a range of TS values
from -79 to -73.1 dB at 420 kHz, with a mean TS of -76 dB. Their TS was 73.1 dB when
Sv from hydroacoustic surveys were compared to net sampling with a similarly sized
population as our study (mean length= 8.6 mm). A weakly scattering, fluidlike, bentcylinder model developed by Stanton et al. (1993) was employed to estimate the TS for
an individual with a length of 8.6 mm at 420 kHz. This result was found to be very close
to this study’s estimate at -77.7 dB. Although the difference in frequency must be
accounted for, TS for the present study is within these boundaries.
The TS for this study may have been biased high because the net efficiency was
probably less than 100%. If the net is capturing less Mysis than are represented on the
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echogram, then more Sv will be assigned to each individual, thereby increasing its
apparent contribution to the total volume backscatter (<7bs). This may also explain why a
correlation was seen with such low apparent densities of Mysis (Figures 2-4 and 2-5).
The densities of Mysis represented in the echogram could have been much higher than the
densities in the trawl catch. A high amount of biological noise or other scatterers in the
water that could not be detected by Tucker trawl, may add to the Sv of the trawl zone,
thus possibly contributing to the higher TS.
Sampling efficiency may also be affected by size of the net opening, mesh size,
light intensity, population density, towing speed, tow cable angle, and stimuli produced
by the towing cable moving through the water (Chipps and Bennett 1996; Omori and
Ikeda 1984). Net catches may not fully represent certain size classes because of potential
ontogenetic differences in net avoidance, therefore biasing size distributions and TS
estimates. Vertical tows are often the preferred method in mysid studies and have been
shown to decrease net avoidance (Nero and Davies 1982). However, no studies have
been performed that compare horizontal trawls to vertical trawls for the purposes of
catching Mysis. The use of horizontal tows in this study allowed for the stratification of
results and was particularly appropriate with hydroacoustics in order to show the affects
of the near-field zone (Table 2-2).
Light levels were not recorded in this study. Rudstam et al. (2008a) found that
Mysis changes their aspect angle when swimming downward to avoid artificial light,
which drastically affected their backscattered sound (Gal et al. 1999). Light is a factor in
describing Mysis distribution, as subtle differences in light levels due to on-board lighting
from the survey vessel, lunar phase, and weather could affect their vertical and horizontal
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location (Boscarino et al. 2009a; Boscarino et al. 2009b). Although deck lights were off
during the synchronized trawl and hydroacoustic effort, this study may have been more
concise in describing their distribution if light had been accounted for.
Hydroacoustics can be effective for assessment of Mysis populations in the
nearshore area of Lake Ontario when conditions allow. This study found that certain
limitations must be considered for this method to be effective. The density and size of
Mysis must be sufficient to be detectable. Individuals must be far enough from the
transducer. The sampled water must be able to be separated from, and cannot have a
dominant presence of other targets that ‘mask’ the backscattered sound from Mysis. The
water column should be isothermic or thermally mixed, therefore Mysis are not limited by
temperature in the nearshore areas in Lake Ontario, and other deep lakes, in late fall to
mid-spring. Based on the results presented here, I would recommend that the nearshore
area is included in hydroacoustic surveys for Mysis if the survey takes place in the spring
and when upwelling conditions are present.
Quantifying Mysis distribution in the nearshore area with hydroacoustics and
horizontal net sampling for verification may be a more efficient alternative to net
sampling alone when relatively high densities are present. Hydroacoustics would act as
the main data source for the entire water column, with net sampling for verification based
on the area represented in the echogram. This would decrease the amount of resource
intensive net sampling, and increase the amount of area that can be surveyed within a
certain budget. Future studies are needed in the nearshore area that would compare the
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entire water column data that hydroacoustics provide, with vertical net samples to sample
the water column as verification.
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Appendix Table 1. Number of valid Tucker trawl samples, and simultaneously acquired
hydroacoustic data files (weather permitting), collected from April through November
2009 during the day (D) and night (N), in a nearshore area of Lake Ontario near
Lycoming, NY.

Week Beginning
Monday
6 April 2009
13 April 2009
20 April 2009
27 April 2009
4 May 2009
11 May 2009
18 May 2009
25 May 2009
1 June 2009
8 June 2009
15 June 2009
22 June 2009
29 June 2009
6 July 2009
13 July 2009
20 July 2009
27 July 2009
3 August 2009
10 August 2009
17 August 2009
24 August 2009
31 August 2009
7 September 2009
14 September 2009
21 September 2009
28 September 2009
5 October 2009
12 October 2009
19 October 2009
26 October 2009
2 November 2009
9 November 2009
16 November 2009
23 November 2009
30 November 2009

Total

Tucker trawl
samples collected
with hydroacoustic
data
D
N

Total Tucker trawl
samples collected
D

N

19

19

19
18
19
19
19
19
19
19
19
19
19
19
19
19
19

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

19

19

19

19
19
19

19
19

19
19
19

19

19

19

19

19

18

436

417

19
19
19
19

19
19
19

19
10

19
19
14
19

19

190

53

128

Appendix Table 2. Number of valid Tucker trawl samples, and simultaneously acquired
hydroacoustic data files (weather permitting), collected from April through November
2010 during the day (D) and night (N), in a nearshore area of Lake Ontario near
Lycoming, NY.

Week Beginning
Monday
5 April 2010
12 April 2010
19 April 2010
26 April 2010
3 May 2010
10 May 2010
17 May 2010
24 May 2010
31 May 2010
7 June 2010
14 June 2010
21 June 2010
28 June 2010
5 July 2010
12 July 2010
19 July 2010
26 July 2010
2 August 2010
9 August 2010
16 August 2010
23 August 2010
30 August 2010
6 September 2010
13 September 2010
20 September 2010
27 September 2010
4 October 2010
11 October 2010
18 October 2010
25 October 2010
1 November 2010
8 November 2010
15 November 2010
22 November 2010
29 November 2010

Total

Total Tucker trawl
samples collected
D

N

19

19
19

19

Tucker trawl
samples collected
with hydroacoustic
data
D
N

19

19
19

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

19
19
19
19
19
19
19

19

19

19
19
19
19
19
19
19

19
19

19
19

19
19
19
19
19

19
14

19

19
19

19

5
19
19

19

19
19
7
12

3

19
19

19
19

5

19

19

19

456

437

174

54

19
19

252

Appendix Table 3. Number of valid Tucker trawl samples, and simultaneously acquired
hydroacoustic data files (weather permitting), collected from April through December
2011 during the day (D) and night (N), in a nearshore area of Lake Ontario near
Lycoming, NY.

Week Beginning
Monday
4 April 2011
11 April 2011
18 April 2011
25 April 2011
2 May 2011
9 May 2011
16 May 2011
23 May 2011
30 May 2011
6 June 2011
13 June 2011
20 June 2011
27 June 2011
4 July 2011
11 July 2011
18 July 2011
25 July 2011
1 August 2011
8 August 2011
15 August 2011
22 August 2011
29 August 2011
5 September 2011
12 September
19 September
26 September
3 October 2011
10 October 2011
17 October 2011
24 October 2011
31 October 2011
7 November 2011
14 November
21 November
28 November
5 December 2011

Total

Total Tucker trawl
samples collected

Tucker trawl
samples collected
with hydroacoustic
data
D
N

D

N

19

19

18

19

19

19

19

19

19

19

19

19

19
19
19
19
19(18)a
19
19
19

19
19
19
19
19
19
19
19

16
19
19

18
19
19
18
19

20
19
19
19
19
19
20

19
19
19
19
19
19
18

19

19

19

19

19

19
19

19

19

19
19

19

19

19
20
2

19
19

11
14
15

19

1

8

19
19

19
19

19

19

477

19

455

249

a 18 valid samples, 1 invalid sample.

55

272

1

Appendix Table 4. The mean volumetric density (Ml000m ) distribution of Mysis in a nearshore area of Lake Ontario from
2009 to 2011. Densities are shown for each year, both daytime
and nighttime, and for each sample depth and bottom
'y
contour sampled. 2,678 samples were collected with a 1-m 0.5 mm mesh Tucker trawl.

Sample Depth
Day

Surface

3-m
0.2

3.0 ni

6-m
0.0

2009

2010

2011

Contour

Contour

Contour

12-m 18-m 24-m 30-m
0.0

0.0

0.0

0.3

0.0

0.0

0.0

0.1

0.0

0.1

0.0

18.3 m

0.0

24.4 m
0.2

0.0

0.5
0.6

1.2

40.6

15.2

2.9

99.0

21.8

25.7

60.4

67.5

18.3 m

75.4 116.8

24.4 m

226.0

6.1 m
12.2 m
18.3 m
24.4 m

0.2

0.0

30-m

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

3-m
0.0

0.2

0.6

20.3

7.8

0.2

0.0

1.5

49.5

11.0

12.8

30.3

33.7

37.7

58.4
113.2

0.0

12-m 18-m 24-m 30-m
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.1

0.0
0.1

0.0

0.1

1.3

7.3

13.3

0.3

0.1

0.0

0.1
0.5

0.1

0.3

0.6

13.5

45.2 203.4

0.9

0.1

3.1

11.2

40.5

2.5

18.5

45.7

46.8 194.2 303.1

49.7

67.2

147.1 246.7

83.4

337.3

0.7

3.7

6.7

0.1
0.3

6-m

0.0

0.1

12.2 m

3.0 m

24-m

0.0

0.0

0.1

6.1 m

Mean

0.0

12-m 18-m

0.4

3.0 m

Surface

6-m

0.0

12.2 m

Surface

0.0

0.2

6.1 m

Night

3-m

2.5

0.1

0.1

0.3

43.2 232.7 394.2

6.8

22.6 101.7

0.4
0.1

1.6
1.2

5.6

20.3

1.2

9.3

22.9

24.8

33.6

73.6 123.4

41.7

168.9

21.6 116.3 197.1
23.4

97.1

151.6

Appendix Table 5. Mean sample density (M l000 m 3) of fish larvae by species or family,
collected in 1,310 nighttime tows with a 1-m2 0.5 mm mesh Tucker trawl in Lake Ontario
during 2009-2011.
Species o r family

Density (M1000 m3)

Alewife Alosa pseudoharengus

47.8

Rainbow smelt Osmerus mordax

4.6

Round goby Neogobius melanostomus

4.2

Yellow perch Perea flavescens

0.4

Burbot Lota lota

0.3

Lepomis species

0.3

Carp and minnow family (Cyprinidae)
Sunfish family (Centrarchidae)

0.2
0.1

White perch Morone americana

0.1

Black crappie Pomoxis nigromaculatus

<0.1

Bluegill Lepomis macrochirus

<0.1

Fallfish Semotilus corporalis

<0.1

Freshwater drum Aplodinotus grunniens

<0.1

Tessellated darter Etheostoma olmstedi

<0.1

Walleye Sander vitreus

<0.1

Unidentified

<0.1

All taxa combined

58

57

